RNK-16 cells, rat leukemia cells with features of natural killer (NK) cells, were adapted for growth in vitro and used to examine the mechanism of NK-cell activation. Contact of RNK-16 cells with tumor cells (YAC-1) that are lysed by NK cells, but not with resistant tumor cells (EL-4, K562), led to an increase in inositol trisphosphate (InsP3), a Ca2+-mobilizing messenger. A similar increase in InsP3 could be elicited in RNK-16 cells by monoclonal antibody OX-34, when the antibody was crosslinked by F(ab')2 fragments ofgoat antibodies to mouse immunoglobulin. This reaction was accompanied by an increase in the concentration of cytoplasmic free calcium Ca2+, due primarily to the release of Cal+ from intracellular stores. In contrast to the stimulatory effects of crosslinked OX-34, OX-34 alone did not affect the levels of either InsP3 or cytoplasmic free Ca2 . Moreover, OX-34 alone blocked the generation of InsP3 by RNK-16 cells in response to YAC-1 cells and prevented target-cell killing. These findings demonstrate that OX-34 identifies a structure on the surface of RNK-16 cells that can stimulate the generation of InsP3, and they suggest that this structure can regulate signal transduction during target-cell recognition by NK cells.
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Natural killer (NK) cells are large granular lymphocytes that spontaneously lyse certain tumor cells, virus-infected cells, and some normal cells (1) (2) (3) . The NK cell surface structures that are required for the recognition of target cells and for subsequent activation of NK cells have not been defined. NK cells recognize target cells in a different manner than do cytotoxic T cells. Unlike cytotoxic T cells, NK cells do not recognize target cell structures in association with major histocompatibility antigens (2) , and several lines of evidence indicate that killing by NK cells does not require the T-cell antigen receptor heterodimer (Ti). First, purified NK cells do not express functional transcripts of the genes that encode the a and 8 chains of Ti or the related y chain (4, 5) . Second, cloned cytolytic cell lines or tumors can demonstrate NK-cell activity without productive rearrangement of the genes for the a, p, and y chains (6) (7) (8) . Third, NK activity can be demonstrated in cloned human lymphocytes that lack T3, a molecular complex that is expressed on the T-cell surface in noncovalent association with either Ti or the y peptide (9) (10) (11) .
In the response by T cells, Ti/T3 not only mediates antigen recognition but also initiates transmembrane signals that are required for T-cell activation (12) (13) (14) . Perturbation of Ti/T3 results in the hydrolysis of a membrane phospholipid, phosphatidylinositol 4,5-bisphosphate (15) . The products of this hydrolysis, diacylglycerol and inositol 1,4,5-trisphosphate (Ins-1,4,5-P3), are second messengers (16) . Diacylglycerol is a physiological activator of protein kinase C (17). Ins-1,4,5-P3, a water-soluble compound, stimulates the release of Ca2" from the endoplasmic reticulum, increasing the concentration ofcytoplasmic free Ca2+ ([Ca2+]) (16, 18) . The activation of protein kinase C and the increase in [Ca2+] act in synergy as signals for T-cell activation (13) .
To examine the signaling events that are required for the activation of NK cells, and to identify the cell surface structures that can generate these signals, we have studied RNK-16, a rat leukemia cell that serves as a model for NK cells (19) . RNK-16 cells are large granular lymphocytes that express surface antigens similar to those expressed by fresh NK cells (19) . RNK-16 cells lyse the NK target cell line YAC-1, but they do not lyse a variety of tumor cells that are resistant to natural killing (19) . RNK-16 cells lack functional rearrangement of the gene for the Ti ,B chain and thus cannot recognize target cells by using the Ti a/l, heterodimer found on mature T cells (ref. 6 and C. Reynolds, personal communication). RNK-16 was developed as an in vivo transplantable cell line, but it has now been adapted for growth in vitro, without influencing its cytolytic spectrum. This in vitro line provides us with a clonal population devoid of contaminating cells that may complicate studies offreshly isolated NK cells.
MATERIALS AND METHODS
Tumor Cells. RNK-16 was kindly supplied by C. Reynolds (National Cancer Institute, Frederick, MD). The tumor was adapted for in vitro growth first by passage in medium supplemented to 50% (vol/vol) with "conditioned" medium, the supernatant from mouse lymphocytes (106 per ml) that had been cultured for 72 hr with concanavalin A (50 ,ug/ml). Assay for Natural Killing. Natural killing was assessed in a 4-hr51Cr-release assay as previously described (27) . In some experiments, goat F(ab')2 anti-mouse immunoglobulin was added 3 min after the addition of mAb. At the end of each incubation period, cells were sedimented for 10 sec in an Eppendorf 5414 centrifuge. Following aspiration of the medium, [3H]inositol phosphates were extracted as described (28) . In brief, 1 ml of ice-cold 10% (wt/vol) trichloroacetic acid was added to the cellular pellet. After removal of insoluble material by centrifugation at 900 x g for 5 min, the supernatant was extracted with 6 volumes of diethyl ether. The [3H]inositol phosphates then were separated by anionexchange chromatography using Dowex-1X8 (100-200 mesh; Bio-Rad) in the formate form and were quantified as described (15 (Fig. 3) . The peak levels of [3H]InsP3 generated were somewhat higher than those achieved in response to targets, but the difference was not significant. In the absence of goat F(ab')2 anti-mouse immunoglobulin, OX-34 failed to stimulate an increase in [3H]InsP3, consistent with its lack of effect on [Ca2+], (Fig. 3) . These findings indicate that OX-34, when crosslinked, can initiate the turnover ofinositolphospholipids, as does contact ofRNK-16 cells with YAC-1 target cells. We therefore tested the (Fig. 4) (Fig. 4) . OX-34 not only blocked the increase in inositol phosphates in response to YAC-1 but also blocked cytotoxicity by RNK-16 cells against YAC-1 cells (Fig. 5) . Cytotoxicity could be blocked equally well by F(ab')2 OX-34 (data not shown). As with the generation of inositol phosphates, pretreatment of RNK-16 cells with mAb OX-18 had no effect on cytotoxicity (Fig. 5) . stimulate inositolphospholipid turnover and that can regulate signal transduction in response to target cells. One explanation for these findings is that the structure recognized by OX-34 directly mediates the generation of InsP3 in response to target cells. Alternatively, OX-34, in the absence of goat F(ab')2 anti-mouse immunoglobulin, may provide a signal that inhibits both InsP3 generation and cytotoxicity in response to other receptor-ligand interactions.
OX-34 identifies an -52-kDa glycoprotein expressed by rat T cells and by a subset of large granular lymphocytes (20) . Sequencing of the complementary DNA for this glycoprotein has shown that it is the homologue of the human CD2 antigen (21) . Studies examining the role of CD2 on human cells are therefore relevant to our findings. As in rats, CD2 in humans is expressed on both T cells and NK cells (30, 31) , and mAb to CD2 can provide signals for activation of both cell types (32) (33) (34) (35) . The activation of T cells requires either a combination of two antibodies, with specificity for distinct epitopes on CD2, or a single antibody plus another signal, such as phorbol 12-myristate 13-acetate, which activates protein kinase C (32, 33) . Activation by anti-CD2 antibodies is associated with an increase in [Ca2+] , that has been attributed exclusively to the influx of extracellular Ca2+ (12, 34 (35) . In a separate study (11) , killing of NK-resistant targets by cloned NK cell lines could be induced by a single mAb to CD2. In the latter studies, however, the targets were B-cell lymphomas. In this instance, Fc receptors on the B-cell targets might bind to anti-CD2 mAb on the NK cells, permitting crosslinking of CD2 and directing the cytolytic process toward the target cells. T-cell killing of targets bearing Fc receptors can be induced by this mechanism by using antibodies to the Ti/T3 molecular complex (36 (37, 38) . The lytic process is thereby primarily restricted to the target cells. Killing of neighboring ("bystander") cells occurs only slowly (39) . One 
